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PURPOSE:To provide a parallel arithmetic processor allowed to be easily loaded on normal RISC architecture and capable of 
executing high speed processing for a super scalar without requiring a complicated hardware' circuit. 
CONSTITUTION :This parallel arithmetic processor is provided with decoders 11 to 14 for simultaneously decoding plural 
instructions, a register competition detecting circuit 20 for detecting the existence of register competition between two 
instructions, a PLA 31 including an instruction issue judging logic circuit, an FU use judging logic circuit, an ALU use judging 
logic circuit, an LD/STU use judging logic circuit, a branch instruction processing logic circuit, an execution order judging logic 
circuit, etc., a scheduling means 30 including a by-pass canceling circuit 32 and a memory address compentition circuit 33, and 
an instruction issue enable/disable judging circuit 40 for determining the number of instructions to be issued based upon an 
instruction issue enabling/disabling information, 
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Zti^tiSi&i&mtiiit&Xfa— K/* YT&$>$:WnX 
h (FU) 

nfrta n <@ <r> f = — yx-m^t £ h,tz n e co^ ^- w 5 ^ 2 

[ff*Jl2] ' BiIfEMfico^^-^^-^y h (FU) IC 
^<7?ScKjl<OSIS«iS^-=-> K (ALU) t. lSlii 
■y h (LD/STU) tSrSm, 

£fcBufEffr^l?fT^= V SroffifflWBJ^SrfiJSiJ-rS FU 
^ffltiJSU^aiHlSgt^R^T, K+ lSg^l^O^^^-lc 
oi^T, K + 1 S S S f©#^^© Hlf fild^^ 

fJfe^MS^--* h«0^fflOBT54:*iJgiJi-5ALUffi: 
ffl^JSUf^aiHSli:,. L + l f IElB»^Co^T, 
L+ 1#B£T-C0#ift^<0? *,n— K/* h Ti^lgfT 

LD/ST U&ffifiJgiJattSlElig fc SrttttfcfllJfcJS 1 IBtt 

J SSW^r^-fco^r, J-lf ISf 
ro#^£roPfltcui^^^#ffi<,>:®-g-|;:, J — 1 # g 

S-fr5^t*s-C#5 Htf Uli? WSiJKSmK Sr-^tf 88**5 - 
1 £fclif»**5 2fS$W&?iJ&ff&31=gEg,, 
[11**54] Bfl1E*^v^— y v^&te, ffiKNffl 

T & -5 4§ J + l&3&.&<D$i<£$:M?r^ijZt 

liff**5 2!Ei&<75&JiJ|fi>4ail*ge o . 

[ft**55] Bfife^^^^-y HuisNfi 



(2) ^i¥7 - 5 6 7 3 5 

2 

fc#^(759^>, |^—co^* y T Hurler ^-fe:^.i-5# 

it. *nka*t^Tn— Kifo^X'fcfll.oJSiroiftS- 
"TS ^ * y g^JSUllSlEJSSSr^ii'fS**! 1 SfclilS* 
10 [ff**56] tftl5^-Jr> f a-y >^#SI±, HtrlENjB 

-T 5 Id , SS^^OT ^tf ti 5 r <t Id i 5 » 

v^-y 1 ? n s/^jgt,-a:5il®ig^m-?-S:«trlE 

^^■^fT*ijgijsfea[Hi8S^*&i- sasd^s-g-^jguKSEi 

J-ObuIE J - 1 # S ±X<D^<D r> hX-wim 9WL 
•a-^!±l[H]S§lc«t y) Wt-£J>miii£ftxm?rfcX'Ztii<^b $ 

X'SbZW&iUZ. SfllE^^-co^tTli#Sri2tcLTU^^ 

tr§ff*Jl 1 *7tltI»*J5 2fS«cW^JK»^ai2ie o 
- B^y^-TU'f (PLA) lei ij USSixfctro-C 

*> aw**! 1 75sit*ii 6 rov^-rn^^diattroafe^j^ac, 

[«W«>l¥iW/jMftW] 
[0 0 0 1 ] 

IMHiro^Uffl^iF) *&WltR ISC (Reduce 
d Instruction Set Compute 
r) T'ulryy-cnZbteZmmitZB&Ok Lti*-s<- 

[0 0 0 2] 

[S£5f5Wg[^] 12 1 2l«£jfE<7>R I SC7-4f^ft 
(Dy<-< zfy^f ^m'^T^-tmx-h*) , ^3)E»R I SC7 
-^^^^^(i, OT-a-ir y f (CPU) ^rffiv> 

t\ mi 2tc^-r«t ^/<cx<-r7'7-i'>'«itidj;5ssFra6 < j 

M?'J«iS?r^AL,. C PUto#^-^|^g-rSB#Pfl(DiS 
it{k$r^^,Lfc fcrotfo5„ 11 1 2CD=§-^^-(±, J9c«4 

«tai4, ^ tlfil 1 ^ n y ? ? /ulrgt ifflt', # 

^■^"■So S^ld. #^-7^ y^- (IF; I n s t r u c 
tion Fetch) T-y- — i/CDSiiaSrtf 4t\ JJC 
5(7 (C, ^^■t 1 ^— K (ID; Instruction D 
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ecode) * 7 — 'Jffii&m^fT^ \ 7^— K 

ift^fOUfT (EX;Execution) X7 L — i>(Dj& 

#0 (WB ;Write Back) *7 — 

[0 0 0 3] Hi 2©^-f/7'f V^itr-IS, 3-^13 

^•acoHtT^^^Sixs,, cwi^icit, Riser- 

li1t§cro-^^'$rMJlJ4Q ! S-C#S<7)-C-, SiS6tllw(±ll 1 2 
(C^-f-J: 9 I- 1 0 n j/^-^-f ^yHd 1 <ft<£ (C P I = 
1; Clock per Instruct ion) H 

/Nl f_ K (hazard, SM8lit£3£-f 5) Id* 5* h 
— /^ ( s t a 1 1 ; 1 ? n y ^ ? /H^UbW^ 7*7 
-fy wM) tfloZtzeb* C P I 13 l &.±t <C5„ 
[0 0 04] £fc, =>-fc*3. — ^co^^U-^/u (Ins 
truct ion— 1 eve I tfclt f ine— gra 
in) O&yiJffiSfflJffl U R I S Ce£>;&i£{fc£g*f L£ 

(Superpipel ine) , — -*^7 7 ( S 

uperscalar),VLIW(Very Lon 
g Instruction Wo r d) i>fe5, R I 
sccomm^^ {*7i?*{> b • =>— K) CDS&tta* 
*>9.. &?iJ^<75te3§tt/4^ #72^, a^.£T- 

^LT^ifc#^l^?§tT:£)£<D<£T-'b, ^©Ou t- 

0 f - o r d e r 3§fTf±, * — X * 7 Id fc o i: >bi^ 

fcnttf: (0iJx.fiTfSco##5:^ro 9 t>ro [i~8] 
Sr#B8) . 

[0005] #%:Ki8c 

[lJR. M. Tomasulo, "An Effic 
ient Algorithm for Exploi 
ting Multiple Arithmetic 
Units," IBM Journal of Res 
earch and Development, Vo 
1. 11, pp. 25-33, 1967. 
[2] S. Weiss, and J. E. Smi th, 
"Instruction Issue Logic 
in Pipelined Supercompute 
rs, " IEEE Trans. Comput. , Vo 

1 . C-33, No. 11, pp. 1013-102 

2 . 1 9 8 4. 

[3]R. D. Acosta, J. Kjelstru 
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p, and H. C. Torng, "An Instr 
u c t ion issuing approach t 
o enhancing performance i 
n multiple functional uni 
t processors, " IEEETrans. C 
omput. , Vol. C-35, pp. 815-82 
8, 1 9 8 6. 

[4] W. Hwu, and Y. N. Patt, "HP 
Sm, A highperformance rest 
JO ricted data flow architec 
ture having minimal funct 
ionality, "Proc. 13th Int' 1 
Symp. Computer Architectu 
re, pp. 297-307, 1986. 
[ 5 ] G . S. Sohi, and S. Vajapey 
am, "Instruction Issue Log 
ic for High — Performance, I 
nterruptible Pipelined Pr 
ocessors,"Proc. 14th Int' 1 



20 Symp. Computer Architectu 
re, pp. '2 7 — 3 4, 1987. 
[6] K. Murakami, M. Kuga, and 
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proach, "Morgan Kaufmann P 
ublishers, Inc., 1990. 
[0 0 0 6] r. z:X-$t<£Wfr (Instruct ion 
issue) tit. -fU SO)?^ — K^. 

(id) frbWrr^T—'J (EX) it&fr-t-fa 

■tT-Z&io Sf:Out-of-orderJE?Tili, 

^SrSfftaMSr i n-o r d e r^ftiV^. O 
ut-of-order 3S?fOH§L*fel-lli-'&Sr3E<0 
#<I4, Hflie#%3tMcO [1, 2, 4~7] lC|2^<OT 
oma s u 1 oT/\'=f})XJ*RXf J t(D&%t&X'foZ>. L 

A (r eg i s ter renaming) , ^F'&tf 7" 

— is 3 Is (reservation statio 

n) , ? ??£k'<Djj&:Zm.Z>-'i?ioittzi > <r>X\ tlttftl;: 

— *T ? 7-*±izm%i-tz -kx-±zt£&m&&m t-tz 

[0007] Out-of-order WU^%^ri> 
^©ldf±» Toma su 1 o T/U^* !) XAWtelCli** 

li, 7iyf (fetch; ift + y ->.» A 1 <b 

fo3„ ^ <?) ^ "7 ^ >- K^*3S<oH^#grtcTIEro 
3 (b5IE#%XSRk>-[3, 7, 9] 

BB) . 

(1) Ke 1 1 e rffJUI (#%3t»0 [8] ) (Cg<5 
< d i s . patch stacks (£LTD S £ B§t\ 
•t*3tltt [3] Sr#Rl) 

(2) register update u n i t S 
(aTRUUtKt, ##^C»C0 [7] £#(8) 

(3) 1) it — 7 (reorder buffe 
r, &nXm.<D [10] ) Sr&ffl Lfc^jfc (#%5:^<75 

[9] *#JS) 

ttAlc«fc ±IE*fe (2) WRUUro-tiflg 

I42fi£ (1) ODS<Dttgg^TlH] , 9. isl^lc^fc (3) 
© !) t-^< y 7 r Srffiffl Lfc* ifefc^tfe (l) CDS 
OttfigSr±le]5^i:l±/i^ [9] Sr# 

SB) . 
[0 0 0 8] 

— h'V^Tm&$:-&mt L, ii^WR I SC7-*7^ 
FplH.S^foof::,, sfcOut-of-order |g?T&- 



(4) ^^7 - 5 6 7 3 5 
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IStSDS (dispatch stack i£) T 

[0 0 0 9] *38M»4*»*»SM«jfii*:»ft-*-*fc*l-* 
£*tfct>K>-C\ ^— 7&>tfMtb Lt, &8£#^ 

- K^^7lH]S§^g$-f. ii^OR I SC7-+7?f 

So 

[0010] 

tix^n<D^ (owttm m & m t> -r 5 n m => - ? 

tr^-^yh (FU) ffif£Nl@<&x=-y-C-#PSE£;h, 

«r*JgiJi-5^r^-|8tf*iJSiJS&SlHlSS, MM+i§@^ 

Ko^T. M+ 1 #B £T-<£>=g-ift^-c7) p 
^fT^^^3SS«ItEMS:jex.*v^>, 

t><nx-foz> 0 

30 [0011] *&waom*-%. 2 iz&zmtimm&mmw 
i4, mmn*miiz.&zmmw-&mgimizte\,-x. m 

ISMfiW#^-SltT=--5' h (FU) ICttx-T, IrI^IZH 

(ALU) l£JL±Bfrl5MS-CWFn^«0ffi 
E©it L ilSCD d — K/ ^ h TiaS- 3 -— y Y (LD/ST 

&pm-tz>Fui£.m*im%km\Bi&itixz.x^ k + i#i 

S'J-T5ALU«ffl*iJgiJ^3llsIKt, L+l#@JW^co# 

[0 0 1 2] ^^WIf*^3lw#-5 3e?ii^»«ia^fl 
14. fJfSli*JS l Sfcl4ffi*^ 2 (c{?.3&?iJSS»#i3Ig!| 
gldfc^T. hhIS^-t-^^.-!) V^©I4» mif2Ni@(0 
50 ftiZtDoh, J #@(D^^-|Coi^T, J-lilsf» 
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*4 w t *s-C# 5HtT)Hff*l*JI»aiHlB<r*tr fcOTfc 

So 

[0 0 13] #38SSroSt#^4tc#,3&yiJiggiaS£Sg 

ti. Htif2it^ 1 *fci±»**2 ^&z,&mmw&m%i 

tfj^OD 5 *>, J #@CO-^<^-|^Ol/'>-C, ft t£$i<£ 

53'JU J + 1 #@W^<^ , # < ^-5r^.-jrv^3.— y >^ coJt^ 

a* (b (i-r-t^^fea^sn]^ sr-^tp t or-}) a. 
[ooi4] *«^«ois*«5ic^s^JSi3fatsiss 
is, mmnxm i *fcm»:#^2 tc^s&^mir&ajg 

^ hr^t-fcsi^t, j — i # @ ~kX'<D&$i'$r(n o 
ttJIHSStcJ; DK-g-dS^aiStt-CllfT^ff Sitfc 

K^^rr-foixlJ, ■ J#Broi*M$-$:0lfT«r^i:¥ll55y 
t5> ^ y g^WS'JIIiaiE]S§£-&tf fcOtS>5 0 
[0 0 15] #fg81<aSif#^6lC«£)&yijgi&4&3Kg 

giw*»t*-c, mifs^-^v/^ — y ^ir^m-i. fttiteN{@<73 
■^^■<o^<b. j #@ wi^£7)#^-icov'>t, mn~5imxR 

^-y l ? n ^i§b*5i§3®Ji<?Hf-§-£(iulE^ 

^•^^T ! HiJ»J^aiElSg'-*^-t- 5 & JH>¥ S£-#iJ»JBtai§JS8 
S:"^^ S-OfJlSJ - l#l^T-^^-<Dp*>T-Bufeu" 

^tfftt^oH. *fStti u j #@ 

[0 0 16] *«WrofS*^7^«5M?iJSI#«ig»S 

i±„ stitEif *^ 1 75^is*^ 6 roi^fiaM^.sM^jst 

HSLfc/c^y-yy/l/- ni/ 7 ^ • 71/^ (PLA) 
[0017] 
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<£v>mmffim*tiit)-rz>o 2Jw±guieNsr-oRgrofts 

co^MfSro^^-Hn^.^-s' "h (FU) li, ^rft^irJSS 

wsufmSiHissis, m-f i #ajw(^<o^-^^-ico^-c, M 
[0018] *i9*^2(^sswt-*Jv^Ti±, fdiaif 

*^1 IC#.5^B^I'*5ft^StlteMfi<D^^^tT^--5' h I 

(FU) U:-R;*.T, UJUtffJfSMS I 

•C-roPflwttSw^KiSrojU^iaa^-- y h (ALU) 

h7«il3. = S,h (LD/STU) i^KJt'bn, £fc 

STU^ffl^JS'J!fe3aiHlKlis L+iS@KHw*^i: 
ov>t, L + 1 #1 ST-fiO^^^-cD 5 *> n— K/^ YT 

[0 0 19] *!f*^3(C#,5^^(^±3V>T(±. gftfESf 
1 £ fc (if»*3S 2 IC« 5 3§ |c *3 (t S ^ 'Jr v? a - y 

wsussaiH]8&i±, BuisNf@o#^-(75 9 

I^oi,^t, j - l #g ST-w^j^-iroRtc: Uv^^-g- 
/i^^^-g-l^. J - l #@ ^T-o^^^-w^ropTglc 

[0 0 2 0] *lff*^4(c#5^BJ{-t5i/^T(i, stJlEIf 

ico^r, BE^^A 5 »«S#^'-C-*>5S-g'»c:. J + i#@ 

[0 0 2 1] ^HJfcJSSlc&SSIfllc&^Tfi. BulSIf 
5<? *igl 4fcl±lfi*^2(C^5^^l^*5HS^^> ; =.-y 
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IC> J - 1 f ISt'©^^(Dj *>T*n— K/^ r-7# 
^■ffoO J.ofifauv?^^8i^ai [aggie «t 

[0 0 2 2 ] *§S*^6 l^5^Wle*5V>Ttt. fiufeff 
~*imX'&i J - lSBiilfKO^J: "J 2 * n y ^UA±5fe 

^> r* m IE u * ? aj iei s§ \z j: "9 s-g- # & a $ n r 
l, isj— x-fos^g-ieii. mie^^ron^TBg 
s<4 £ * -v -5 ft ■%&ta l ?d-fz> 0 

[0 0 2 3] *IS*3I 7 icH&SlgPJIle&^Tfi, ffjfEft 
#1 1 75Sgf*3S6l^55S^lr«^5ff|HW«-«^31 
[HJSS^K T-d^^v//!/- o-/ 7 ? • JU'f (PLA) 

[0 0 2 4] 

* ■(^*57 , ntyf) (D^J^-fe hSr^H-tir-fte, # 
^n— h'?^7&I/P L A<OHJS0iJs?£rt& 

(a) DSli, i^^KBa-rax — ^if— Kl:o^ 

x<n%.f&ik&motLmmx'k>*) . fu (Functio 

n a 1 Units; 8lft^- — y h k L < lllft^n Hfr^- 

1-) ggg-# f & tuig-r -5 ©•e-ir ligffc t # 



(6) 4#B3¥7 - 5 6 7 3 5 
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7-f >*!lS«:a-rj^Hli. K (h a z a r d) 

Sl^liHg- (dependenc y^fclic o n f 1 i 
c t) iPfliixS,, 7-9 s^—Yn-Gii<S&.ftm&<» : ) 

fi£#B3ff.»fo5Ci:SrJg-ro f—?s^-*f~ KleiiRAW 
(Read After Write, 7 n— ; f 
low dependence) , WAW (W rite 

After Write, liitlt&J? ; o u t p u t 
dependence) % W A R (Write Aft 
JO e r Read, ; ant idependenc 

e) (D&s^-tf- KzJJfoSo FUS^ (tliit/^if— K) [h] 

[0 0 2 5] (b) DSflt 

I'i'^rizmTzm&m&itifr^&fTmffi ( i s s u e 

Uni t) ICj;cT. IZffi-tZ^r 
l±SUfiH« (the Address Stack an 
d the Data Un i-t) liiot, »J<@fCfi? 

x zmm-t^mrrmmx'Ui^^^RTj^ y «opj*-ic 
y i-rj-t-5ft#K#.icov^Ti±^:< %is$tur ^^e^c 

(c) #$g?EfiWAR.^1f— K0jg*&(75+ijS(cJ; <9 D 

(d) *^egiCia^>5r — 7 f y (s c a 1 a b i 1 
i ty).i!fe5. :^t^^-7t!JfVili, [E]— T 

-^r^^^+cot tx-mm^vt-yv-mzf z-ax-mm 

foSirv^^ttSr^-T^,, HufEFU<75*9^ttxii^H 
tttli, £-FUT-Hfi-Ct 5^^*S|^i:-Cfo5^5*»T- 
fof9. FU^^*S®co^-&lcil4, Hfif^lHl/£^^-i7)iSa^ 
-S-ioiticx-oxi-iifr^? =77 • y y-^i^ mm^-f 
■ — K) *5ii:5„ C'roflfjf^Nlf— K^>^e y leK-r^y 5 
— — Ki?£M?iJ&*ji;:j*?&L-Cfft^$gfT ^T^/i5^j 

^Ig^ T/U^y XASr x PLA (Programmab 
le Logic A r r a y) lc«t U H§1 LJtHJSfiaj 

[0 0 2 6] &$}\z*&W(D7/i'=r , J XASrlftBJL, 
«&l-^— K^^Tleoi^TWfiiH^^rtT^ 9„ T/i-^y 

(a ) taBJ3_h,z)<S£ 

(1) KWSrffiBS{t-rSfc«>. [^B#|e^-5lffiA^'5^ 

7i»(Sle^-^-?ix^^ 1 (^fctil n s t. 1, Ins 
t. It Instruction (DV&b -fS) . ^h^2 , 
. #<^3, ^4tW„ (^*5 4^^tA±(e6£?S-rSC 

50 tii^^r-fos,, ) 



(7) 



11 



12 



10 



(2) ^TCO^^-li 1 ^ n -y ^-CH^T^ixS. tfflt 
ft. #»/h»j&«jl^»7 K^tHIS:tT*9 load/ 
s t o r e##/,ei:*H%Jg:L#V\ ) fcfc'U fa-K- 

OP R s 1 , R s 2, Rd:Rd 
Z^X\ OPd-^^p^-^^-h' mi$=*—b\ ope 
ration code),Rsl,Rs2 ft-Ztl^tl 
y — * (source, thm) l'^^, R d tix-f * 
4 — •> 3 > (de s t i na t i on, fr5fe) 'J 

[0 0 2 7] (3) y<^y7^ymi&\-tikT(0 U) -~ 

^ yf- (IF; Instruct ion Fetch) 
— v\ (d) ^^•y :r =3— K (ID; Instruc 
tion Decode) ^/X — v*, (s<) K^J 
.^CDglff (EX;Execut i on) ^'r—'S. 
(=) ^tT^rofFtii* (SfcttteiW) (WB ;Wr 
i t e Back) ^. y- — *sXfr> 2>„ W) OI 

F^T 1 — v^ti, 4lft^£r|3]B£ ICfft^dr-Y y 

u-r=7 k. ■ ioVs? (PC) 
(n) CD I D^.-^— v^CBtl^T', 4# < ^ro^-'<=i— K 

^^(D#«fe^tt^i-5„ ) jjs-tix^ny^— k mm) 

-fi»Jx.«. * — 7rc>StR I S CttT*(Ot±fig(6]±^ 158^11, 

R I s ccomft&fFfi/*— ■?-■*> 7 <D%?T&fWi 



- 5 6 7 3 5 



5- *ii<£J&S;tt:&ro (1) itOii^T-foS,, 



Rsl OP Rs2 ( 1 ) 

LXft^&ftoitzVXDXy'i;*- — }) >Vftt£ZftZ><, 

CD (^) »EX^f-v/TliALU (A r i t hme t 
i c unit. »JMffla=yH A*tt***fT<t 
V\ 1 o a d/ s t o r e^-^fS-r — ^ • -V y ~> • 
>-=&U (Data Cache Memory) (CT ? 
-tr*-f-5„ iiffl {=■) CDWB ^-r-^T-li, EX^f 

(^J^i±*ffjfc3#%5:Sfero [1 1] 30 (O lit A, f CO 
R I S C 7° n ir y "f-t- iSffl & "SlBg f *> 5 „ 
[0 0 2 8] (4) C PUrotttfe is**? 7 ACOUfflc' 
^-fSCPUBfFol) SO t ttHg[S]±ICloi / >T(iiJ(TcO 

(2) sfccoj: 5 fc^-fr ibix^,, 
7*0 ^7 A©5l?TtSt5C P 
= ;/□ ^7 A(D^T(C^iT5^ n y^iScx t 

= I C x C P I X t (2) 

I cii7'n^7i>rtco^^t, CPilSifft^ 
? ci y HWb^W 
? /^mX-hZo t£i£rS]± (speedup) 
— (Amd a h 1 ) COffillJ (ftulE##3:j§»CCD [l 1 ] 

#bs) (-J; 9, &co (3) Soi 5 K^Sti,*. 

...... (3) 



(3' ) 



[0 0 2 9] d3(4*%?qi:DSCO I D Oft^^ =— 

k) xT-is^tertzmmtttDnm&t&w-tzmx'ib 

coiei^s, fui^oii, st^^ey icus-t-ST 5 -^ 

l^ss^cd^"?^ ±isw3oco^a^i^^i- mm 
m^temmmx') mstx-z zmfebteoxtev , 

cortg{Lfc4.#.tct3i/'>-C. (a) % (b) JStCOl^T 
l± % o y ^-th-r^/UBtrpI t lri<t5Z t l-tiS L, 
(c) ^l^o^Tli. 1 #^O^tTiCS-T-5^ a yf-t 

[0 0 3 0] (b) &&W<D&%-&ftteSlTl^-tI%M 

(1) #^ri d^iw^ff $na„ 

(2) ^^n {2*>t)4) ^%tf $ix5lfe#l±. SCWA 



^feftcOOR (RAW+WAW+WAR+^ft + FUM 
; +(48SS?n (OR) ^^-ftcoi:-r?>„ ctt^coffl 

A. (RAW, WAW, WARM 

^j^- (n-i) tisfico^^-t^^-'n trorar-r— ^^-g- 

• (RAW, WAW, St/WAR^^if— K) AStV^rt/ 

B. (#«EftflO 

(n-1) aSflt0^h-^'/5S^IIS#^-T-tev> - t, 

C. (FUK^*tt) 
t. 

[0 0 3 1 ] D. *mmx-tt* ±iE<75^-g-ft^$r. 
<D*v-^=l— y >^ • — ^H, ^yK^©^ 

^^•^-v (u-^^^^-s-st/4#^co^^asij) {cat 
l, ssast^srM^jfks^ffiJSfbLT, pl A*»e>iii*) 



13 

a -y D-^J ^^(Om.^it^m^tzi,(OX-hi)o #^114 
^fSfi^f^SOt-, 2-4 mix? ti&?r-*jmX' 
feSA^^Sr^-f 3 b i t'f-f i>- PL A(OtU tit f£ 

7 ■ ,<■? — »i s ^^t'^ixfrKO^-f— K£#l£1- 

#iSUTV^5„ ifr^ 1 <D*§-£-£HfT? n ? ■ -y->f 
" l " i p£.£. HfT* o y 9 • if-r 1 A- " l " (4S<^& 

£-C£>5„ 1 ^ n j/ ?iff 9 frft* h— Jlfif 

?U-y->7 • ^/Ki " 2" \t /£S„ S*TB#|^(i^=i- 

Kti?« {lsis?.?&-&ffinX'$>6 1 3b i tM4^ 
ro^<^asiJ1f^T-fo5 8 b i t (75^ — *) A ; PLAICA 

i/ • — vasfch;*j$ix.S 0 

[0 0 3 2] (3) #$g?B<0/-W 7" 7^ >-«Jtl-*3lt5 

A. RAW (Read After Write) '-if 
— K 

1^n;!i^^ (n-1) WHfJ<7?^^-(7?!em€r^orgl» 
t5^^T*fe5S^, -(ft^n (n-1) aBu^># 

<fi-nl4l$<$- (n-1) WHUfO^^-irlil^Btl-^tT-fS r. 
£l±-C#&V\, d;ft,£rR AW/>f- Kt^-Si. 1414* 

»Mltfo5„ ^TA-^'y XAfliR AW/>f- Ki5 
&tti£n& ^nf45S?T$4x^V\ =e£cT, 14© 
J; 9ic l 9 n s> ^:9-rc(7#<P<753gft/4 s #7i£fr5 = 0 4 
|C*5I^T, Inst. 2 1 ? n -;/ ? #ff7c £ *L 

Tfc, Inst. 1 W^^r/JS^ "n 4tOHU^-r*U-^^ 
^ - 77-f /HC 5 (DICttU Inst. 214 

9 a y V 3 (D^^T-Uv 5 ^.^*^^— ^^-r-^I^Sc^-ii 
A/T'L*otiil Lt R AW/-if- K ASSIST 

l^-So FU (bypass ;M 

7 —=74 s ? (forwarding) Sfifl^cfc oTSf 
&£fL5 (Btlie#%^:»0 [11] £r#BS) 0 
[0 0 3 3] B . WAW (Write After W 
rite) '-if — K 

^nClffgSOftW (U-^^^Sfcl±p<*y ) 
7)5. ffr^ (n-1) )^HiIO^}^(D^S*<7)fe^Bffi: 
PJi:«£\ ^^nWHIfifg^:OS^)i^^#^ (n- 
i) WSdw^^-£0^mroStii^J; , 9?-<^$ix-5i:. 
fft^ (n+1) atoA«of:M#TLi?„ 
iZX-fr^n (n-l) WBu^^^-ilil^^t-* 

ff-f&Z i: li-C#&i/>„ cixSrWAW/N-y-'- K<he£.£„ 
(3 5 l^«!ll:«5WAW/^f- KES^fewSftWHT- 

t, ffr^n (4?gfj-fr-f . R AWAf- K@@ro*J£t HI 



(8) ?$ll?7 - 5 6 7 3 5 

14 

14. 1 ~ 3 (±-T-<TAD»^^-T-fe "9, ift<£ 3 (4ffii^ 

1X0=2 t R AW/Nf- KI4*§^/!>K 3 t#^l <7> 
R d #*if|<DR 3 T'fe 0 » ifr^ 1 iWAW^f- K#fc 
37ci6. ^h^-3roHftl± 1 :? n •yy-ftmbZftZo ~?> 
J: 9 #0il7)*£U.5<DI4. 1 OR d tfit^2WR s 1 

[0 0 3 4] C . W A R (Write After R 
JO e a d) /-If— K 

(n-1) Uwi<D$t<$fr. U-^^^^fcll^ y CO 

tT^<Sr##iiA/T-L* 5 t, (n+1) WI^O^ 

^»4BaiSofcfiIS:?#T ;jx«:WAR^f- Kt 

i*^ 0 HI 6 li««l:I5WAR/sf - Kmawift^E 
r-feS„ i 6 coMfli, #^-2 14^1 ift^3f±ift 
^■2 t-etlt'nRAW^f - KStKfo*s. •^^•4(4^^- 
1, 2, 3 (OV^-ffbt t>R AWatWAW/>fV Kfci$ 
I40 ut-of-order 

#^-4tOR d t^^3<75R s 2 ^— §fe-f 5 /c fe, WAR 
^f-Kt<C5„ L7l>U 1 ^ n •^^co^.^.^STt'lt'C- 
14, WARAf- b'i-±C^^(OAK E16^6*3*>2>. 
[0 0 3 5] *«WlwJ;5^[Sc^^|B]^?T*S;{4, ^ 
>r-;a-!) >^ • /^->^i8Lt^^ ^ F7 
O 4 tfl&IDMif tET fr^iX^ftft? n ;/ ? g T'^C $ ^ 
5ri»£#ffiLTii}HHSfT*ftJ£-f5:*^-t*fca. 2^n 
•^^#^2)COI4,' @6 0^iJ-r/i^-fc,, #^-3 • 4P5T-U. 
li'g; "9^<CV>. H16 l^fcl^T^^ 1 ~4 ^-C-CDUff^^ 
50 By^f^^;Hi, ^Mn3, 4, 5, 3ffc5. ^ 
^ i <r>ig,<£-&n?r? ° .^ ^ • -y-^r " 1 - t^i, 

^^•2 — 4(4 "2, 3, 1" i^C 1 ?, WAR^f- KjJS 
4C5©li> oy?r -y-^T y-;uj)i (12 3 1) t 

So ^T^^y XAX-14, ^ - — 

(12 3 1) T% /5^o^h^ 4 <7)R d b$><r? 3 OR s r«.1tD 
lt. - n^tusns t ^-irv?^— y >if ■ 

±.X-ft^4<D$&ftfcl 9 a ytmbZh-Z. 
40 [0 0 3 6] TsW*-— y • -'■^^-XCjoV^T, # 
^•l J4^Jc%n^lx5*»e>, ^t?^ n^.f^ ^yu(4' 
"1" T-foS 0 ^rt^-214, ^ltRAWSOTAW^ 

•9, Hfri? n s/i? • -y-^r ^/K4 "i" fc'is, ^^-fi^/i l ro 
/-if- K*5#^-fixif % w-n? o y ? ■ iM t 
"2" t^S 0 ^^-314, -ft^l • 2 0-z^i? a -!J> 

— (l, i) <73B#(i "1" ^fc(4 "2" 

^h^i • 2o^^ a - y >^ • — >-^s (i, 
2) «B#I4 "l" , "2" $.tz(t "3" iV'jcii;^: 
50 5. n O^fTi' n 9 ■ ir^" /H4 " 1 ~n" T'fo 



(9) 



ftffl¥-7 - 5 6 7 3 5 



15 



16 



9 V *^v^-y >y ■ (iii3) coxb 

ft^igg^-SV?* — fBL. Out-of-or 

der©Ml:±0 (12 3 1) t ? - VlifiR£ 



— >ui 5iiOT-foi3, cn^ri^ro^ i {c^-r. 

[0 0 3 7] 
[SI] 





SP 


Nl_4 




SP 


Nl_4 


1) 


1111 


4 


9) 


1221 


2 


2) 


1112 


3 


10) 


1222 


1 


3) 


1121 


3 


11) 


1223 


1 


4) 


1122 


2 


12) 


3231 


2 


5) 


1123 


2 


13) 


1232 


1 


6) 


1211 


3 


14) 


1233 


1 


7) 


1212 


2 


15) 


1234 


I 


8) 


1213 . 


2 









[0 0 3 8] (4) #d£lft^<Dgkl^lCOl,>-C 
*^3C-C»4, #^ (n-1) ^^^-C-fcofcCj, # 
<Sr n J£J.fS$(Dlfr<$- f±& t) l&V ^ X * fr v? =l - ]} > ^ £ f 5 

(fiP*>#^n^co«ft&^H?fS:-L/iV^ „ cHxli,. 
^X^TfiO ut-of-order ft^&fjjjiZteiD 
X'. #ttift*fiJll*ro*^!4S#«NI><fr.fc 9 t*lcjltT*n 

ib T-fo5„ wixtco^TH 7 $rffl^TiftBJ-r 
5„ I117li*:^Bjt-^^^ii$^^^^u?@^TOu t - 
o f - o r d e r i'^'fr £ iX-S^-g-W^^H! T'fe 5. Hi 
7 c?0iJ-C-f£, 2 (iifr^ 1 i:RAW^f-K5rif*>, 
^^3(±^^2(7>S^:^^ffl Ltl>5 (RAW/Nf- 
K) „ #<^3I±^#^ (BRT) -C. #<£2<D3gfT*S 
n v ?-y--< ?/u4 fc:fci^-c#>i£$fc<ft < S-<07 Ku* 

^ 4 li»8^©^*T-fc 9 , tft<£ 1 ~ 3 k |a]B#|c: 

3 t R AW, WAW, WAR^f- K Zftfz ^fcft 
IC, Out-of-order iot^l^3Wft 



[0 0 3 9] Lri>U tt^X'te. ^-Jr-^a— U>^^F 
ot\ ^i^ — y >^ - s<? — >±x- ff>'& 

50 — K*^7«ffittA»&'3ffi$i-r-fe5fc«>, *^^T-f±^ 
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[0 0 4 0] (5) FU6t-g-rolH]5g*-&lCo^r 
FUSS'S- (Pif^lf-K) tit. ft^ffllZT- 

®teFVtfterttU-£mnX'$ti:\,^b\<*i Z tX\ Zix* 
[E]SUfctt;fUffce>#t\, CCOFU^^-Ii, RISC, 
^-/f-^^-Cy, VL iwt-iig;»)#f, X- 

-^^-/KOSt^^ t F UOli!? Utixtf F U^-g- 
li38£Lfct\, (n-1) il^b, 

^.^v'zz.— y is if (Dttm^i t>$i<S 4 F V ft 

(O-0)^m h (n-l) iST-Sl^J: o (rSxSri*. (n 

-l) ®<D-ft-$&&-r ^ii-r^-xmn^smx'tsi^o % 



(10) 7 — 5 6 7 3 5 

18 

[0 0 4 1 ] *«W»r*JV^TI*. *SK (U n i f o r 
m) s-=- v HgfijcfiALUffa^t Load/Store 
$fTf$:WffX-£ „ ^tSK (non-uni form) a. 
= y H^fliALU^{>t< ttLoad/Stor. 

fK>RI SCfcS^IJX^y/nt-^tliALU, Lo 
70 a d/S t o r #0£<£>:£T O^H?T3.= y h££f 

[0 04 2] 
[«2] 



(11) - 5 6 7 3 5 

19 20 



9 


Nn 


Nb 


FUSI'd 


Ss 


mm 












A 


4 


1 


X 


4 


B 


3 




1 


0 


3 


c 






1 


0 


2 




Nalu 


Nl/S 


Nb 




SS 
















1 


1 


1 


O 


3 


J5 


2 


1 


1 


O 


4 


F 


3 


1 


1 


O 


4 


G 


4 


1 


1 


O 


4 


H 


1 


2 


1 


0 


4 


I 


1 


3 


1 


0 


4 


J 


1 


4 


1 


O 


- 4 


K 


2 


2 


1 


0 


4 


£j 


2 


3 


1 


O 


4 


N 


. 2 


4 


1 


O 


4 


N 


3 


2 


1 


O 


4 


O 


4 


2 


1 


O 


4 


P 


3 


3 


1 


O 


4 


Q 


3 


. 4 


i . 


- O 


4 


R 


4 


3 


i 


O 


4 


S 


4 


4 


l 


X 


4 



ss : m^ijimt * li * - * # 7 fit 

Nalu : li-^ h tftfiJtK & 1 1 h A L 



ni/ s: ^itejg^ -y hteKistf* . 

Load/Store v h & 

Nb: PJ^^ v hM^iS^^^ll^-^ 
[0 0 4 3] in;/ hW^dSi&'gtDil-g-.&lPFiSSCroit 40 (4) 3£&T/ (5) jfctr^ £il,3„ 

i f (Nn<Ni- 4 ) , —then FUtS^ (4) 

if { (N a 1 u < N 1-4 ) * (N 1 / s <Ni- 4 ) 1 . 

— then FUi^ (5 ) 

gp-bzL-.y hS^7> s *SSco^-g-|C(± (4) aCtfXfctfJICDg: oad/Stor e^-=y h<D§C, *IJ^IS (AN 

mm&£tltzW,&^, htS/S^iSKW^ ' D) Sr^i". 

-g-lCIJ (5) SCW^ffl2)5^<t^^J£$nfc^(C. ^r*x [0 0 4 4] i2ll/T^h?i^^7'i5 1 9 ffifoS^-^ •;/ 

^FU^i5^pft-f- So - NnliiS«^-=-y h HHfigro?^ FUM»tM« ! "X" f*Jii5 

m^ro^W.FUiC. Na 1 uitttQK^^iy hffi&CDm 9 7"A t S li F U mS&& % /£\>\ Z tllttiiiSgUZtt 



(12) 

21 

tfS "O" "C-jp Six •5ftb.ro 3-- v Hfil^lco^-Cll, 5fc 
(4) &tf (5) SrSfc* FUfltefc#a:l,*t-mtffc 

[0 0 4 5] MS/SCMt-gN Nn tNi-4 &• 

(4) O&SWKfc^T^&bftfcttftlffc^fc^ 
— **SSf^-=S> M»fi&ro®-&-, Na 1 u£fc(4N 1 
/sff)tt'Ni- 4 ^hfcgJ-t-Si t\z^:bf)K Z<Dm&t* 

-Cfe5 7l\ {"I-^^-^L o a d/S t o r e &3tXfr> i> fa 



45§fi¥7 - 5 6 7 3 5 



22 



liLoad/Stor e ifa^) rog^ N a l u (k L 
<f±N 1/s) «fc9'h£v^^li^$S*T£Lfc^.fc? 

FU^-g-BiSli, (n-1) S-Cro^^-^^ffBjBl 

[0 04 6] 
1^3] 





SP 


SP1 




SP 


SPl 


1) 


1111 


1111 


1211 


1121 


1112 


8) 


1213 


1213 


1223 






CUD 


1212 


1122 


1222 


9) 


1221 




1222 


2) 


•1112 


1112 


1212 


1121 


1222 


10) 


1222 


1222 




3) 


1121 


1121 ( 


@ 


1122 


1222 


ID 


1223 


1223 




4) 


1122 


1122 


1222 






12) 


1231 


1231 


1232 


5) 


1123 


1123 


1223 






13) 


1232 


1232 




6) 


1211 


1211 


1212 < 




1222 


14) 


1233 


1233 




7) 


1212 


1212 


1222 






15) 


1234 


1234 





CZ> ■. pa £tg-[5]g«0iim. WAR »*f- K &3I 

S P (12 3 1). K^fr >3 P .1 



[0 0 4 7] = wM/UB#tCFUOj^-£#^&i-52>>£ : ' 

(1 1 12) t^-f/E (ALUa=^ M ; 2T-L o a 
d/S t o r e 3.=. h 1 ) »^-&^^X."C^-5 0 C 
<Ob t)ALUi:3^Eilt L< I4L o a 
d/S t o r e&<frtf 2 ±XibZ> ttil^ 3 f3$g?T 40 

ALU^2^^T-, Load/Sto 

SU-rsfcft'lcKi, ^frBt(c4^^-ro^}^SSU^aT.' 
oCftbON a 1 u^fcliN 1 / s (D&k Ni- 4 £Jfcl2 

[0 0 4 8] (6) FU^-g-lHligfCioT^-r-SWAR 

FUK-£-£%iELfc&&. *-5r-;^— y ^ • — ^ 
(12 3 1) t L^^\ WAR^f- KSr§lt 



— •si* (112 1) tfeofcttS. iztz? 4 ~fT> (A 
LU^^yMUt'Loa d/Storea=yh«! 
1) <£>i§£"t\ H*TB#CE>lfr^ii53iJ#lft^ 1 i 2 # ALU 
•^^•4/i5L oad/Stor e #^T-foo fc t "f 
■5. Z<Di§-&^ ift^r 2 12 FUjgt •£•(;:«); t)^tTT-#-f, * 

y-^a-y - /^-^li (12 3D ic^^e>ix^ 
ttfuSfcib&i^. #;fr5fc-e(2. Ful^og* (123 
l ) t t£-?tz''9 — vl^o^TI4SgWAR/Nif— Kro 
♦MSraru^So FUi^wgS (12 2 1) i 
^-^/SiftCD^-Jrv^-y \s 7®f\Z.-&tf¥ \jm-&*mz. 
L, (12 3 1) ^W0iJ^^3(cD^ 
Lfc„ ^3(^*3^-C, SP lliFUl^SrtiLtx^- 

v^— y >^ • '<9—>X'h'o. zoteti-x-mnx-mt. 
#ec-r^isgttrofc5 s p (i23D ic^fr^s s 



(13) ¥fffl¥-7 - 5 6 7 3 5 

23 24 
HJSSi: LTi&gft 01231?? T-££/0> (1) (0) X* ^^-^PLAWaJAfiS. 

£>5„ ZZX-mtl£tlZ*-'iri'=>- — l)>?-'<9 — > [0 0 4 9] 





SP 


SP2 


lu-oriier/ 
out-of-order 




SP 


SP2 


in-order/ 
out-of-order 


1) 


1111 


mi 


in-order 


9) 


1221 


1001 


out-of-order 


2) 


1112 


1110 


in-order 


10} 


1222 


1000 


in-order 


3) 


1121 


1101 


out-of-order 


11) 


1223 


1000 


in-order 


4) 


1122 


1100 


in-order 


12) 


1231 


1001 


out-of-order 


5) 


1123 


1100 


in-order 


13) 


1232 


1000 


in-order 


6) 


1211 


ion 


out-of-order 


14) 


1233 


1000 


in-order 


7) 


1212 


1010 


out-of-order 


15) 


1234 


1000 


in-order 


8) 


1213 


1010 


out-of-order 











1>K rroS-g-Ji, fflfrfa**. 

^-fc/U-^SCiPf-Si. Out— of— orde 
r Sgff $^fc^-g-T% i'OOu t-of-orderK 
t£itz-ft^mX'Tk<n? n y ^fCHft^tDigiilCiSRAW 

l\ CW^{4=SrJ^(D^5{c^-r o 
[0 0 5 1 ] 
[S5] 



[ 0 0 5 0 ] ^4 IrtJt/^T, S P 2(Dffi8l±4lft<£-(D£ti;b 

^>r^=L-y>/-/<^->s-^L > mft<r> (i) ii# 

$>5„ [3 6 <z>#iJlc:te^T Uv^^lcBl-r-SWAR^If— . 
KIS^-^-4^2 9 a y9X-\3.t£< . 1 9 n -y ?<DJj-*j>-< 
Mft£*LZZb\ci:<pXlsim£ixZ>. LA»U 1 :? n 5, 



(14) M¥7 - 5 6 7 3 5 

25 26 

WAR ^1f- KUKgOJfcfc 0ft t^-V^-fc^i^d* 





SP2 






1) 


mi 


&f f-SB L 












2) 


1110 














3) 


1101 


AND ( rc5 OR rc6 ) 




c 


1 


i f i R s 


2 


4) 


1100 














5) 


1100 














6) 


1011 


AND ( rcl ORrc2) 


<£r-^- O (Tift 
BPT7 £ «./ Iv 


s 


1 
I 


* ^-1± T? c 


o 

£» 




ion 


AND ( rc3 OR rc4 ) 


Sp TJ <S vj K 


s 


1 
1 


X 7». l* K. B 


c. 




1011 


AND ( rcl OR rc2 ) AND ( rc3 OR rc4 ) 


Bp |i 6 "J K. 


s 


1 

1 


X />_ I* K. S 


0 










s 


J. 


S 7i_ IS K S 


o 
£ 


7) 


1010 


AND ( rcl OR rc2 ) 


^-^•2 CO R 


s 


1 


ifciiR s 


2 


S) 


1010 


AND ( rcl OR rc2 ) 




s 


1 


±£I±R s 


2 


9) 


1001 


AND ( rc3 OR rc4 ) 


fltf* 2 COR 


s 


1 


ifc<±R s 


2 




1001 


AND ( rcS OR rc6 ) 




s 


1 


s ?t{±R s 


2 


10) 


1000 














11) 


1000 














12) 


1001 


AND ( rc3 OR rc4 ) 


OR 


s 


1 


tfzltR s 


2 




1001 


AND ( rc5 OR rc6 ) 


flp-^-3 <OR 


s 


1 


* £l±R s 


2 


13) 


1000 














14) 


1000 














.5, 


1000 















rcl: f$-$-3 0R d £ 1^ 2 <0 R s 1 WO I'V^X * H^- 

^4 OR d tffr-^cOR s 2W<OU~sXf&i'£- 
k5: ^4 COR d (OR s 1 m<7> \s V X 9 ffi.'t 

re6: #^4©R d tlfc^3<DR s 2 \fi\<D \/ V 7* ? 



[0052] $5©SP2 <Dffliz33tf &&^<D " 1 " (± 
A^SrHfr*-****. "0" HrtM*4r*fTLfci^»£' 

i\ RAW, WAW&l/WAR^lF— KSrfltg'-f 
m&<Dt}Z\s-sXfiWL&<0&m%l (OR) rft 

ixli, ilSlw^^y-ct 5tWAR/Nf- KSr5l#ezi- 



[0 0 5 3] HI 8 l±*^PJI^{f.5WAR/>-f — KlaJffi*- 
ffiSl^-troamwSft^EIT-fcS. IE18 <D0iJT-l4 x . #^2 

'Mb £tl5 0 3 li^^" 1 , 2tRAWR(JWAW^ 

if — K£f5fcftv^ WAR^f- KSr5l#r®ci-Prfig 

^StT-fi, 3 l±ffr<£ 2 l^it-tT 1?b^ (D^-mff 

i ! fi5roX'. iiliWARAf- KT'teftV^ DS 

#;fr5£teD Spirit 8 W (a) , 
(b) K^LfcJ: 9l-^w||?T^prai5SffiSn-5 0 



27 

[0 0 5 4] (7) ]) IC^S^-^xs-tf- K 

y K^ftco^gcCOL o a d/S t o r e #<&#|i]B# 
lift °T fig T'&5„ Lri>U wixfjW^^^O u t - o f 
-order^^Wi:, U' 9 \zmir^7 ! — 9 ^ 

•Load ift^CD^CD Store ^<nJ) s O u t — o f - 
o r d e rffi^Si, WAR/^f- Kri*igt S^Jfig 

- S t o r e#^«i»L o a d#<£#0 u t - o f - 




(15) - 5 6 7 3 5 
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orderlft^W^ R AW^f - Ki s S# •5' 5 Ibc 

• S t o r e^OlflS tor e^l^O u t - o f 
- o r d e r^n^5t, WAW^f- K^St 5 "I 

■tiX^X., 2^^KA±(DL o a d/S t o r elfr^j4 s O 
ut-of-order WuZtHWi't. ift^SSfr^H 
o a d^»^fc*ltl-ISibh.2)S-S-4'^V^r. i 
n - o r d e r (w^^. btltetf ifr&tt: htel*\ CCD 
/0 ^-&lcSt^t^5C0(±, ^4 CD (SP2) (CjFi-aj^)^ 
y • — >-C9? *>0 u t-o f-ord 
erBfft45fcWfi)!), Uff B$|^^j^ 2 ~ 4 CD#<£ 

asu (cs-^v ^-c^n- k ^ ^ r SSI ic«t o r ^ x. 
mz-bjx&^Ztkft&ikooSie co (sp3) ci^-r,, 

[0 0 5 5] 
[^6] 



(16) ' &ffl¥7 - 5 6 7 3 5 

29 30 





SP2 


WW. ZtlZ^Z Load/Store iflH* CD 


SP3 


1) 


mi 




till 


2 ) 


1 1 1 ft 




1 1 ID 


->) 


1 mi 


\y\J F\IVU Zl) \Jt\ (yl AINU \JK. (y I /VlNLS.ZJ ) 


i inn 


4) 


i \r\t\ 
1 1UU 




1100 


5) 


i 100 




1 100 


6) 


101 1 


(xO AND yl) OR (xl AND yO) OR (xi AND y 1) 


1001 




ini 1 
IU1 J 


(xU AND yl) UK (Xl AND yU) OR (Xl ANDyl) 


IOIO 




|A| 1 


(XU AINU yl AND Z\J) UK (XU AND yl AND Zl) UK 
(xl AND yO AND zl)OR (xl ANDyl ANDzO) OR 
(xl AND yl AND zl) 


1000 


7) 


1010 


(xO AND yl) OR (xl ANDyO) OR (xl ANDyl) 


1000 


o) 


1010 


(xO AND yl) OR (Xl AND yO) OR (xl AND yl) 


1000 


9) 


1001 


(xOANDzl)OR (xl AND zO) OR (xl AND zl) 


1000 




1001 


(xO AND yl) OR (xl AND yO) OR (xl AND y l) 


1000 


10) 


1000 




1000 


11) 


1000 




1000 


12) 


1001 


(xO AND zl) OR (xl AND zO) OR (xl AND zl) • 


1000 




1001 


(xO ANDyl) OR (xl ANDyO) OR (xl ANDyl) 


1000 


13) 


1000 




1000 


14) 


1000 




1000 


15) 


1000 




1000 



SP3: ^>J KKI1-&T'-*;vy- K£#fi8L7fc ^M^fiD 



xO: Inst.2 = Load, xl : Inst.2 = Store, 
zO: Insi.4 = Load, zl : Inst.4 = Store, 

[0056] &.iz*&w<D&&$i&mm&ftmm\zo\,* 40 

(a ) a- 

2»i#5g9llceF.3;*.-''— • T — 

S^^^^-D >?mffi. 2l±7a?7 A. • 
(PC) 3l4^**+y>a2lt/7*s' 

=rmm. h (fu) , sjir-^*-^^ 



yO: Inst.3 = Load, yl: lnst.3 = Store, 

Yt%fiL<r>t§ l '&^ y MaALU^>^i Load 

7 h««OS^, ffi|g3.= 7 |-|jALU^t)L<liL 
oad/Store^|fft5:i«^. Lo 
a d/S t o r e^-=y h tz.rt&'f— 5 *r *r ->^=l\ZT 

[0 0 5 7] Hi Iil2 0^f = - KStf^^i'i- 
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4 o ^tts. Sfcx^^-!Jym3 0i; 

l±. PLA31, /M^^^^ir/UESSS 2&tM^e 

y r KU'^.^'g-^ahj(E]sS3 3is-g-*n-c^-5o pla3 

❖ «rW»Ji-5.4»^-«ff*l*JttaiHlB, StOFUWW 

ton— K/* hTi&JS^-=S' h (LD/STU) <D&ffl 
ro^&tfJSiJ-fa LD/S TU^fflWJ^SHSS, 

[0 0 5 8] SfcE 1 fcjo^rii, ✓ W/^*-*- ^-feyU 
BK3 2 i/*y T KU'^K-&«tH[USS3 3J4, it KM 

* *)■"?>-*- v Ma & & © -e, ffii:oiHiK«fiat Ltensr 

CtlbOBSS^P LA3 1 IC-^S-frfc^t 

tTl-^S^-SfiSSSglr P L A (Programmab 
le Logic Array) ©±5 — V0 
gMffl^TM^hSt*. CPUroS=£:ii-^-r^f 

v •y^r^zm^.i-^tdiiX'. tec/N- k*^t 

^■5JflJ^JlHlS§4 0 ^^V?a-y>^fS3 0I^WP 

L A 3 1 ^UTK U.^gg-g-^fUHSg 3 3 Sr^ff L 

S'Jfi -§-(-<t 9 3S?Tift -5 Is] SS -?*>£>. 

[0 0 5 9] ^IS^co^-t^ — K&^^^a-y >" 

(1) ?-T > K?f*3ro4fft^(±, -tix-?4xl^^FJc3SScfC 

g|-£-^aJlH]S§2 0-C^tB$^S. ^-KWf = -K 

4li©<|^ (ALU, Load, Stor 
e, *LX#«&tif$<D4mm) lC#3g£*l-5„ #^^(± 
2 b i t T-fSiS^n, -g-f+8 b i t X'hZo 

(2) K^^T-fS ,»:. y— * is i?*? CD ig.fr is 

(3) u-^^^M-g-t^^SSiJotf^ (fills 1 3 b i t 
t 8 b i t cD-g-ft 2 1 b i t <F>=r — 9~) ^ P LA CA)] 

^SS'Jx-* J: 9 |H]3E£n5 0 -7 y^>?co 



(17) #M¥7 - 5 6 7 3 5 
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*t5„ rroai*l±#^'2~4i!i3^n-eix^?T"5lHgT-fc5 
* i 575^^1-'b<OT\ 3 b i t C73x — ?T?fc3„ r<D* 
^v?^-y >:/ • — >£ifr^«55'Ji#fiJiS3l6CD& 

[0 0 6 0] (4) x — ^-^iliRgGT-, FUO?.f^ 

x-f ->a yi/'/7? <t^tT^ix5#T^roy — ^. u>> 

7c:{it£:iMlR-f 3 ( [0 0 3 2] <D (3) A>S [RAW^ 
If- K] £#!«) o 

(5) Igff prfig/f^O^-'<=i— Kt 

(6) WARAf - KSr3l#ewi-prfigtto4)5 u-v?* 

^sag-i*^^— y ^ • ^ tcom.^-^*mta 

Zixtzteb. ^<-T^<^.|HlSS^r-Y>-fe/u[5]SS3 2\zt$\,^X 

(7) Y^iJ-hmmz-Wrf^Mz^^mz.^. 

5, pciiieHfjtc3gfT£nfc#^tc##LT&;££n 

[0 0 6 1] (b) ^.-rv 5 ^— y • s<? — >RTJP 
. LACO^ff 

X-5r¥zL— y >;/ • /<?-y|iP L A<£>^ — • 
50 t^XAvl^ < fcfc J; olZ&ftZtlZ. PLA^©A^j 
I±ffif5 2 1 b i ttfcO, -trc>^IRI±^^-p B 1C0 U-^x^ 
^•g-fC 1 3 b i t , ^^-asiJ<0«?SS^ 8 b i t T-foSo 
C ix ib <Oi¥*ffl ^ W T lz 7jk-f „ 
(1) (Si^Ol/^^gt (1 3 b i t) 

• RAW hazard I^KI"^ (6b i 
t) ;e, f, g, h, i, j 

• WAW h a z a r dlC^-fS U'v'^.^^-g- (6 b i 
t) ;k, 1, m, n, o, p 

■ WAR hazard iZ^T i> ^^^9^.^ ( 1 b i 
40 t) ; q 

(RAW) , 

f : 1 • 3 FdWR d -R s Uv 5 ^ (R A 

W) . 

g : lft<£2 • 3PAK5R d - R s Uv/^^-g- (RA 
W) . 

h : 1 • 4P B 1<7?R d - R s (RA 
W) , 

i : ^2 ■ 4ffl(DR d -R s U-i^^^^-g- (R A 
50 W) , 
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j : &<£3 • 4fflCDR d -R s U v** * (RA 
W) , 

k : 1 • 2H»Rd-Rdl/^?i^ (WA 
W) , 

1 :#<frl • 3TH<DR d-Rd (WA 
W) , 

m : lfr<fr2 • 3?$<DR d-Rd PMin (WA 

W) x 

n : ifr^ 1 • 4PS3CDR d-Rd l/^^I^ (WA 
W) , 

0 : 1?fl<£ 2 • 4 PiSJCQR d-Rd (WA 
W) , 

p : lfr<£3 • 4 R9 (75 R d-Rd U\S^9ffi.^ (WA 
W) , 

q : ^^-4 • 3 InJCDR s -Rd Uv 5 ^?!^ (WAR) 

[0 0 6 2] (2) (8 b i t) 

&ifr<£te*:tl^tl&;<D 2 b i t -Clea^iX, -g-f+8b i 

ALU^ 1 0, 

LOAD^ 00, 

STORED 0 1, 

BRANCH^ 1 1 

1 ~4 ■£T'(D7 ! =i— b'&gz (#2 b i t ) £r#,ro£ 

#4? 1 <D±.{tL¥-y h— d 1 1 , <fa<fr 1 <DTfitf y h— d 

1 0 , 

2©±ff 5- }-••• d 2 1 , #^2 try h--d 

2 0, 



(18) #Bg¥7- 5 6 7 3 5 
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^3fflifif-y h -- d 3 1 , ■^^3(OT(4e'y h ■•d 

3 0, 

^4©ifilTy h - -d 4 1 , #^4©Tfi^5' h - d 

4 0, 

[0 0 6 3] (3) uv^^.cigg-rs^-^-f — KW 

A. IffifO 1 3 b i tOl/-^^i^T-^ ; S:ll:i'v' 

B . — y >^ • — 

^■2W^»^ < pi^ ^^-a^^^^-T-fonfS, #^3 

C. <t(cJ:or^3ros P 1<DJ; 
Sfc^v^-y >^ • /<?-y|:SSn5„ 

D . FUl^@®l:J;ot4i:5WAR^f-K^S3 

20 -yiiPLAroUJAi Ltf 40SP 2dJ; ?*»t-S 

otHBOPLAI^lStlia? (product 
terms) fi&roSt 7 tr^-T <fc 5 1 9 ~ 4 3 b i t 

[0 0 6 4] 
[*7] 
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(19) 



- 5 6 7 3 5 
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ood'o'S'B'o'o'oob'oxxxx 
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o o o 
XXX 
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O Ul (L, o c 



— WjSZOex.O'ei 



IS 

fx. 

a 

s 

e 



1® 

Q 

fig 



[0 0 6 5] ^7td*3^r. FMlCtotl? 

-c, 2^^.^-v?rL — y >^ • — ^stas/hcft^— k 

•SffltT-, <&<K>^— K^^TIi^o £ ft 

< , IS^^SrO ut-o f-order X-m&f^&'U 

[0 0 6 6] ^^e^wp L aw- HJtsDsJSrElSSrffl^T 
SiWi-5„ @9~[gll 1 l±. Hgfig^s^ 
-f^A, B, H (*2#B8) ©i^roPLAlO^i 

P L AOSIiS^iJ 1 



•5^ £"5^3:12 9© (a) <75[H]S§(Z«t K) , fft<£ 1 tf>■7 ; .^• 
;*•7 1 . 1 ';^— ~>s drift^n 2 ©V-^ 1^^^! 
fsj— -C-fo5ri> (e) , ^li^2B7^^7^r 
->a VU^^^^pj-x-foS^ (k) ! 3=fcti\ ift-frl 
40 (d 1 1 = 1 , d 1 0 = 1 , Sotd 1 1 * 
d 1 0 = 1 ) <OS-g-|C, El 9 C7) ( a ) COtHj^OtB^)^ i 

[0 0 6 7] isfclc:, ■^^■3co^?tlz^^^fo5^i:'5/4^ 
0 (b) ^^lrof^f^^- 



a> ( f ) 



^h^n 3 CDt"^ ^ ^ — -> a > U i^^. ^ jJ5|5]— T*£>5t!>> 
50 (1) . £#^-3(757 ? -( , ^.f i -< , 4'— >3 VU-y?, 
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ftm— -?fc5# (m) „ ift^ 1 #lfr^ 2 ## 

d£lft<£ (dll*dl0=ltf:lid21*d20 = 
1) 13 9 CO (b) CO[°]SgCOiii;r)# 1 i/,t«3 3S 

[0 0 6 8] Mi:, ^A(DW<f^%m.t--hi>t^o 
tmm 9 co. ( c ) coiasifri "3 , ift<n- 1 co-rw *-r-f * 

(h) x 2 COv^ *-7M ^ — ->3 ^Ui/^^i 

^4©y- *Ui?X-!i>tfm— T-£>5/i> (i) , 1^3 

co^-c ^— -y 3 yu-^? tA^4oy-^ u-y 

^^i4S|5]— T-fo575 5 (j) , 1%*n 1 tft<£4<Dyj 7*7- 
j ^.-i/a >Ui/X?t>m-X-hZ>fr (n) , #^2t 
A < p4©f ; -f^f >a y Uv 5 * ^#13— -C'fo^A^ 

(o) » ft*3i:ii|i^4Cf-f^T-f^-v'3yW'^ 
:?#I3— T-fo£># (p) , Sfcfi. ^^1A>^2^ 
^ 3 ##H£ift£- (dl 1 * d 1 0 = 1 ^7tl±d 2 1 * d 
2 0= 1 Sfclid 3 1 * d 3.0 = 1 ) T-fe5A\ &1t 
(4. ift-£l CO^-f JX-r^- — ->g ^Uis^f b-fti^2(D 
y — * U-y*?#[3 — "CfoS/S 1 (e) „ ^<&1 t#^2 

(D ; ?+7. ; r j % ^i'iS*?frm—X'&> v ) (k) ; 

!)>o^20r-f^r-f^->3 >u>?^.^ i#<$-3co 
y — * U-^^^^P- T-foSA 1 (g) , ^^2i^<&3 
©T-f.T.T^^— >3>l-^^^^p]-t-fo0 (m) x 
a>oifr-£-4 CO-7^ ^.T" ^ ^ — -> g y U-y* $ i^^n 3 CO 
y— * u--y*;? #13— T-fo 5 *§-8- (q) C I219CO 
(c) comg&cDttJ;*j# l t/ft)«tTl:^K* s *>5. -tix 

[0 0 6 9] P L A CO SSJtS^iJ 2 

11 1 0 liPJ -fB.<D=i-=. y K^^cOS-g-cOP LAi^ 
*58fT»aiHlKH-CfcS. *1\ *-fr2©$SfTK3E*a* 
3bZ>fr¥5ti*l-xm 1 0 CO (a ) coEStlCfc 9 , 1 co 

*r--f -y a y y-y*:? t 2 coy— * y-y;* 

:?#I3 — T'$>£# (e) , ^li^^207-Y^f 
*->3yi/^?i!H-T-fe5*> (k) . Sfcli, ift 

^ 1 . ( d 11 = 1, d 1 0 = 1 , SfoTd 1 

1 * d 1 0 = 1 ) CO##l^, El 1 0 CO ( a ) COlsJSgCOtti 

0 i: /«£ 9 3CP§*t L <t * 0 SlfT £ 

[0 0 7 0] gel:. fft^3 0«^(^K* s fe5*»if 5 A» 
fidlioco (b) co(5]g§(:<t "5 , fft^ 1 cox-r 
— -y 3 y y-y*.* i^t^3«y-^ y-y^ ^ — r-fo 
(f) » * i&^2co-r ^ *t^* — ->g yy-y** £ 
#^-3coy— * y-y*:?#i3— x-£>£a> (g) . ^^-i 
<t 3 covV ^f^^->3 y y-y*:?#i3— r-fos 
a* (i) , ^2i#^3of-r^f-f^— >3>i"^ 

><.*#I3--Cfo52> (m) , i=fc(±. 1 7Jm$j^ 2 # 

^CS^J^- (dll*dl0 = l £fc(id 2 1 * d 2 0 = 
1) co*§-g-(C, HOW (b) co(ElKcott5^* s 1 tt£ <0 



(20) 4#§i^F 7 — 5 6 7 3 5 
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[00 7 1)181:, ft&KD&fHc^mfrtbZfrZo 
frltm l oco (c) coiHl^l^i >9 , 1 CO^-f *"r-f 

^->3 yy-y^^i 4 coy—* y-y*:?#i3— 

(h) „ #^2©7-f^T-f^— >a >Uv>X^ 

coy— * u-y*^/4Sjgj— r-fo5*» (i) . 
3 co-r ^7-f^-ya y u-y* ^ t-^^-4 coy— * u 

-y*^ 345(5] — -Cfo^* 1 ( j ) . ^J^n 1 ir^^P 4 COx-l" * 
7(? X-f *— ->a y U-y*^^(5l— T*fe5?4> (n) . #^2 
t^4COf-f^f-f ya >U-y*:?75S[3] — T'fo5 
7i^> (o) , ^3t^40r^.^T^->3yi/^ 
ffeS/J^ (p) , ^1*^2*> 
3 ^^-ili^^ (d 1 I*dl0=l4tfid 21* 
d 2 0 = 1 £fcf4d 31*d30=l) 
[0 0 7 2] Sfcti, ^l©r-f^7^^— 

-y*^i^^-2coy— *u-y*^*^— t-*i< (ie, 

e CdSIRfi) , A^o^}^- 1 i^}^2C07 ? -<^.-7 1 ^^ — 

-y 3 >u-y*^/J5(5]— r-«< (! k) , /i^o^j^- 1 cox 
20 4 -i ^— -y a y u-y^. ^ k-fois 3 coy— * u-y^.^ 

#13— -C-SK (! f) . ^o^i2©f^^f-f^- -y 

3 >u-y^.^ i^j^-3 coy— ^. u-y^.^#(3— t-sk 

( ! g) . ?5>oift4S-l tAiSCOr^^r-f^-ya y 
. u-y*^#|3]— T-*i< (! 1) , /i^O^^-2 i-^^"3C0 

^^-f^.— -y 3 y u--y*^ #13— T-^lif^ 1 (! 
. m) N £7c:W\ ^^-lfflf-f^f ya>U^^? 
t-^^-2COy — * U-y*^#l3 — -Cfo5/4> (e) . 

l k-frit 2 (D^r j t.'t ~< j--— -ys y u-y*^#(3— T-fo 
9 (k) *^o#^ 2 cof^^ t*=t j y a y u-y ^. ^ <t 
jo #^-3coy— * y-y-y^#i3— (g) , -^^-2 
i^^-Scox-f^-x^^— y 3 >u-y^.^#[3 — T-£><5 
(m) 4©f^^T-f^— yaVl/i'^^ift 

^- 3 coy— u-y^ ^ #13— r-fos^-a (q) C 01. 

OCO (c) CO[E]J§<oai;o# 1 i/«C?>3S?T^ftg#$)S. 
■tixtl.^-C»a, iii^fiO i: * •? ^P$« L k t£ V £ *l 

5." " 

[0 0 7 3] PLACO^SS^'J3 

^-f7°H (^F*&K^-y h«fijc, ALU#loi:Loa 
d/s tor e^---y h#2o) CO^-g-cOHJS^!) 
^ ia i i (i^-i'y'Hco^-^-> h^^cco^-g-cop L A_Lcoift 
^ffilBKit'fo^ ^f, ^^-2CO^^(w5:l^# 
5 A'ftll 1 CO (a) COIUSIIZJ: "9 , #*£ieo 

-f^->3 y u-y* ^ i^^n 2 coy—* y-y* 

^#[3-T-$>5^ 1 (e) , #^-1 t#^-2C0T r -<*7 i .W 
— y s y u-y*^#(3— T'fe5# (k) , S/cli. # 

^- 1 #^HS^}^- (d 1 1 = 1 , dl0 = l) T-fo-5# 
(dll*dl0=l) , t-tzlt. 1 #A LU#<^ 
(dl 1 = 1, d 1 0 = 0 ) T"/i>0^^- 2tAL Ulfr<£ 
(d21 = l, d20 = 0) ©i^i:, 11 1© (a) 

so (omn<r>\&Mfi i k*i *>«n»:SK#*>5„ tnM-e 
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[0 0 7 4] fft<£ 3 (O^tTlC^^^fe^^t* 0 

liil 1© (b) OBSSlcJ; "9 » 1 Ox xf- -f ^ 

5a> (f) , #<p 2 Of-( 77-4 — a >i/y^ ^ i 
#^•3 «y- * \si?^-$>&m — XfoZ>fr (g) , ift^l 
t^ri^ 3 -r ->a > ^-y^ 9 fcWi— X'hZ> 

a> ( 1 ) , ^2i^3f)f^f-f^->3>'l'^ 
— -C'fc5a» (m) , 1*^^-2 ^ 

(dll*dl0=l £71:14 d21*d20 = 
1) T-feS*>> ifcli. ^liJSALU^ (d 1 1 = 
1 , d 1 0 = 0) -ea»0#^3 tALU^ (d 3 1 = 
1, d3 0 = 0) "CfoSTK ifcli, ^2i!ALU^i 
^ (d21 = l, d20 = 0) ffcot!)>o^3tA 
L Uffr<£ (d 3 1 = 1 , d30 = 0) T-fo 9 *>o, ift<£- 

1 (D'f-i 7.7-4 > 3 > \s-i/7.? i^-2»y-^ U 
v^^asR — T-«§< (! e) , Tb^o^?^- 1 ir^J^ 2 <73x 
4 7,7-4%.— > a >■ Is 'ST- film — T-$£l^a> (! k) . 
£ fcf^ ffr'n 1 *S Load/store ^^T* ( d 1 1 
= 0 ) a>0, 2 as Load/store fo%X ( d 

2 1=0) i»o, 3 as Load/store ^^T* 
(d3 1 = 0) a>o, 1 <r>=f 4 7,7- 4 — ->a >ls 

•s7? k^KOV — *\sis7.9&m — X'M< (! 
e) . a^o#^-l t^2Bf^T-f^- ->a 

**as|5i— -t-ssv* (! k) mi i<o (b) <nm 

sswau^as 1 t& v) istTic^Pf as -taxe^-cn, 

[0075] #^4ro%fft^S:Ptasfe5a^*5 
a^id 1 ic (c) <D\s\mz. x. <o , ^lof^f-f 

= > U-^i' t^4»y-^ Is is 7. 9 j>*\s\ — ~C 
fo5A> (h) , A^2 0f^ *7- -r-^ — ->a >lsi?7f 
b-fr<rr4(Dy—7.i'-S7,?frm—X'&>Z>fi> (i) , 

*s7,91tm— T-fo-5a^ (j) , ^li^4Wr^ 

7^ ^— -> 3 vu^^^asi^— -cfosa* (n) , <fr% 2 

t^4©f-f 7f-f^->a >U-v ; ^.^as|5] — T-$)5 
a> (o) , ^3t^^4<Df'f^7--f^— >3>l^^ 

*:?asi5]--c£>5a> ( P ) , Sfcii. ift^i aM5>#2a> 

#^3as#«£tfr*n (dll*dl0=l S/ilid 2 1 * 
d 2 0 = 1 ^tztt d 3 1 * d 3 0 = 1 ) X&>Z>fi\ ±ti 
II ^HiALU^ (d 1 1 = 1, dl0 = 0)T- 
a>o#<£4 iALU^ (d 4 1 = 1 , d 4 0 = 0) T- 
fc5/4». SAili, ^<&2^ALU^ (d21=l, d 
2 0 = 0) tfcoti'0#^4 kALlUft^ (d 4 1 = 

1. d4 0 = o) -c-fo9a>o, \ <o=f ■< 77- 4 

(! e) , a>o^s^ l <t#<n 2 cor'-r -£—->- a > 
uc/^. ^as[^— -c^i'-'a 1 (! k) , 

[0 0 7 6] #^3i:ALU^f (d 3 1 = 

1, d30 = 0) T'footA>o^^4 <b A L Uffr<£ (d 
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41 = 1, d40=0) X'fo 0 a>o x 1 (Dt' 4 77- 
4 *—>3 >lss7.f k-fo<£3<Dy — 7.Ui>7.fAm— 

x:B< (! f) , a>o#4s- 2 <n=f 4 77-4 a >u 

t^^3tDy-^u^^.^as[^--r-M< (! 
g) , *>o^ii^3<of-f^f-f^—>3yu^ 

^^as|5] — T*SI< (! 1) > A>o^2t^3 07^ 
^T-f^^->3>Ut'^^i 5 l^-T'Sv , )5 1 ( ! m) , * 
/cli, ^^2aSL oad/stor e^^T- (d 2 1 = 
0) #^4aSL oad/stor e #^T* (d 4 

JO 1 = 0) a^O, ^lflf-f^T-f^— >3 VU-^*' 

t#^2<7?y— ^u-v5^^as|5i— -c-*s< (! e) . a^o 
1 t#^2(Or-f -x x ^ — 3 v'Uv'^^asi^— 

-t-*=tt^a> ( ! k ) . ±tzit, laSLoa d/s to 

r e^J^T' (d 1 1=0) a>0, 3 as L o a d/s 

tore tfr^T- ( d 3 1 = 0) a>0, 4 a s L o a d 

/store #<ri-C- ( d 4 1=0) a»0 % $i<$ 1 COx -T 
^.•=^^— ->3 ^U^779 t-ftit 3<Dy — 7.Uz/7ii'tf 

m— x-M< (i f) , a>oift^ 2 <d-t -< ^=--c-^— ->a 
yi/-^^i^3©y-^i/y^^*|5i-fS< {! 
2i? g) , a^o#^i t^<p-30x-i'^-7 L -i'^— ->a ywv' 

^^aS|S] — -C*< (! 1) s A>o^2i:^3 07 ! -<' 
^r-f ^-v-s yi'-^7^^|5]-T*il 1 A 1 ( ! m) , $. 

fcttu Ttewm-i- (-r) , ay (n) as*icir% a^o 

^4»7^7^->3 >" \s-s7 9 hiti-^ 3 <0y — 
7. Ui/7.f! frWl — X'hZI&'g- (q) IC, 131 1CD (c) 

. (DiH]sS(D(±i*a3 i t tt •9^^T(c^Ptasfos„ *tiMt- 

(i, fcB^fJOt#9:£P$ML<k#?!3Sff£*i<£o 
[0 0 7 7] (IU (^-) (i. 1 ©f^ ^7-( 

fe&a> (e) , ^<n~ 1 W^2ffl7-f Xf^ -4— ->3 > 

isis7.?&m— r-fosa- (k) , s/tii^^- 1 asALu 

( d 1 1 = 1 , d 1 0 = O ) T-a^O^h^- 2 t) ALU 
M (d2 1 = l, d2 0 = 0) T'fc5i#l:, \bt£ 

?)o ^fc{f-§- (B) (±, ^^2(^7^4 77- 4 ^—'^^ > 

I'i'^^t^soy-^ uv?^.^asi5]— r-fo-sa> 

(g) , ^2i^3W7-f^7-f^-ya>l'^ 
^as[^— T-*5i> (m) . ^fc(4^^2aSALU#^ 
( d 2 1 = 1 , d20 = 0) T-a^O^^" 3 t, A L 
(d31 = l, d 3 0 = 0) T-fo-S^-g-lC. li^5„ 
^ [0 0 7 8] ##§18 fi. ^— x<-^.^7 7&tt&k 

^7 = pg ib -f * = > f =■ - 9 f iz 4, s 
ffl-5jHgr-fos„ Sfc, r 1 sci^pg^^n-f, c 

ISC (Complex Instruct ionSe 
t Compu te r) /ot ^ tl:Jt IT tUSlig 

[0 0 7 9] 

50 tD^^-^rl^^tc^^L, ZtiZ't\.<nifr<S<Dm%mm$:}ii 
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an<DmMm<o$}<snft=L--y h (fui t. huieno 
Sr^JS'j-t- s f u&m *ijgijasaiHiBS v= ol - y >- 

^#St £<I;i5 J: 9 dLfccox-, ri sc^ci'ro^* 

^HSri^o £i^fT&fc-f iI#<OR I SCT-df-r^ 

WSiiti^ R I s cfeifro^*77"pt s/ifco 

[0080] ^/c*^B^tc fjfEMflgco-ffc^Uff 
(fu) id^^T, mmz.m'u~*imte. iai 

LU) 1 W±fl!H2MS-C'rora©fifrotLf(OP- 

h'/^hrMl^j'h (LD/STU) iiSr&tt, * 
fcHu!2FU^ffl*JgiJfiaiHlS§fc:^X.-C, K + l#gWP£ 

SrWS'J-rSALUffiffl^JgiJ^aiHliSt; L+ lfgglR 
co^^j^-tCol/^-t. huISo— bTi&m^-— -y h <D 

&m (D-si^nm-t^ ld/st u^.mn%m^\^ t 

|B]B#(c«fTLTlg^i-5r t (d «t <9 , IsI^I-^A^T'd 
ir •> -if CO S5 iiftjjs^l flg t ft •£> o 
[0 0 8 1 ] $.1t*¥£Wlz ifttf, y 

-r5HffHJ¥£JSiJS&3@itSrSa:tt5 «t 5 lc L^cox, ift 
fSOu t-of-orde r ZmMT 2> C t ri^sS t 

[0 0 8 2] .x^v^- y 

JtS^tc, #H£#^&f&SiJ-r?>i:, ^tu^coifa^x'r 

v 5 ^ - y > ?<r>tt$kt* 6 ii-f ■i-ft&-to&it! ! mm%mmi2i 

88£S8:tt3 <fc 9i:Lfcfflf, ^3Sto^^ffiiJ&(c*3its 
[0 0 8 3] £ttft$l\z£tUL xtriSzL—V 

m&zpm-tz * * y tt^-wsjeam 
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[0 0 8 4] ^fc^lSWCfcixli, ^^y^-SJy^f 

*■& ffiJHff S£¥USiJlfeSls]K t . flHea»«#fc i'Jt^ 

CO'-^ £3- -t ^-feyu-J-SyW 3-^ v-fe/i'lraaiil 

70 5Ci<j:<, Out-of-orderT'fM^5r[3 

[0 0 8 5] Sfc*:%B^IC«ttl(i. g5f5^7'7-r>rt 
co#^<Dj^*i£a.-f#ffl^-»f- KSrftS&U 

^fitlc i •? Lfztii&mff T/i>=t y XA ^f^SEE^ L 
"CP LAlC^ggi-ac tCiot, Out-of-or 

^IX»4^^Iffi«^ta^J Six. -^-Y >ct)^ o - y ^ -9- 

-tSfiK^^M^tb-CL, P L Af^cOT/U^y X^SrV 7 h 
[BSO«*4RW] 

[Hi] ig 2(75^^=— KS^'irv'a-y >?mffi 
30 \^^x(DWMtemi$.mx'hz>» 

[EI2] *^0Jt^3^— /<— ^.^7 • T — 

[El 3] *^BJtD SCO I D^X — v'lriDltSA&a^'^ 
CO ffi S €r K 5^ -T 5 13 T* fe S . 
■ [@4] 2js^igtc#.5/^^^.|H]SSl^ s t'5R AW^Nif— 

[11 5 ] *^W»c^5WAW^-T— KlUiS^iferosftMia 
•CfeS. 

ID 6 ] «^lc^5WAR^f- K^cogftequ-Cfe 
[@7] *^i;i5MW^»o ! Ix.tOu t - o 

f - o r d e r tfn , f7£iXZ>t§)'k<n®.mmX'*>Z>. 

[El 8] ^WIC^SWAR^-T— KtsJig^-^^co 

[E)9] ? -i-f K<n=>-~ y hfll^co^-grcop LA±<0^ 

[EllO] ^-T 7"BC0J-=y h^ifiecoS-g-COP L A±CO 
^}»^3S?T EgaiHl SSEl T* s „ 
[111] ?4 T'Hn^.-y HtfiicCO^COP L A±CO 
5£? ^%?fi&Sl£lSl2l-e*>€»„ 
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[112] fi££<E>R ISC7 

i k • x-trit^-v 

4 HhS^* (FU s) 

5 =f— ? v>=l 



&ffl¥7 -5 6 7 3 5 
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6 l/-^^ - 7T'f/l' 

11-4 x = — ^1 ~"r=> — ^4 

20 u^^^^-s-^ajisisi 

3 0 *triSa.— V isV^Wl 

3 1 P L A 

3 2 *<4 j<*5-*r >-ir/u[H]S§ 

3 3 p<^e y r Kw^^-S-^ttiiEisg 

4 0 <ft<£S8fi 1 *T/^ ! ft33iJlEl8& 
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